Despite the fact that an association of osteopoenia/osteoporosis with elevated risk of coronary artery calcification (CAC) and coronary atherosclerosis (CA) is well-established, it remains unclear whether bone turnover markers can be employed in long-term prognostication of such patients. Here we measured serum calcium, phosphate, calcitonin, parathyroid hormone (PTH), osteoprotegerin, osteocalcin, osteopontin, alkaline phosphatase and its bone isoenzyme, subsequently correlating them with an adverse cardiovascular outcome after 3 years of follow-up. The extent of brachiocephalic artery stenosis, CA, or CAC, as well as prevalence of osteopoenia/osteoporosis before the coronary artery bypass graft (CABG) surgery, did not differ between outcome groups, suggesting that subtle molecular mechanisms might be involved in determining the outcome rather than clinical or subclinical disease. After stepwise logistic regression, serum osteocalcin > 26.8 ng/mL and PTH > 49.1 pg/mL were independent predictors of an adverse outcome. Serum ionised calcium correlated with multivessel coronary artery disease; moreover, patients with severe CA (SYNTAX score > 21) had higher serum ionised calcium than those with mild CA. Likewise, serum alkaline phosphatase was associated with severe CA and CAC (Agatston score > 400). In conclusion, serum PTH, osteocalcin, and alkaline phosphatase are associated with an adverse cardiovascular outcome 3 years after CABG surgery regardless of osteopoenia/osteoporosis, coronary/peripheral atherosclerosis, and CAC.
Introduction
Current advances in the treatment of coronary artery disease (CAD) are mainly related to myocardial revascularisation. Coronary artery bypass graft (CABG) surgery significantly improves prognosis and quality of life in all patients with CAD, particularly in those with high cardiovascular risk [1] . However, angina pectoris is a prevalent (around 25%) long-term complication of CABG surgery due to a graft occlusion or coronary atherosclerosis (CA), both of which do frequently occur in comorbid patients; hence, screening for the markers of an adverse cardiovascular outcome is rapidly ongoing [2, 3] .
Coronary artery calcification (CAC) is a major risk factor of cardiovascular events and death in general population [4] , as well as patients with chronic kidney disease (CKD) [5, 6] or CAD [7] . Further, breast arterial calcification is also independently associated with an increased risk of all-cause and cardiovascular death [8] . In addition, CAC correlates with a lower efficacy of CABG surgery [9] . Extraskeletal calcification is to a large extent similar to bone tissue formation [10] , yet its mechanisms are still under scrutiny. Despite osteopoenia/osteoporosis is associated with both CAC and CA [11] , prognostic significance of bone turnover markers in patients with stable angina pectoris (SAP) after CABG surgery has been scarcely evaluated.
Materials and Methods
The study sample consisted of 111 consecutive male patients admitted to Research Institute for Complex Issues of Cardiovascular Diseases in 2015. Criteria of inclusion were CABG surgery due to CCS grade I-III SAP, age < 75 years, and a written informed consent to participate in the study. Criteria of exclusion were progression of SAP to CCS grade IV, New York Heart Association class IV chronic heart failure, past medical history of CABG surgery, diagnosed acute/chronic liver or kidney failure, cancer, chronic obstructive pulmonary disease, autoimmune, endocrine (excluding type 2 diabetes mellitus), mental, blood, and/or severe digestive disorders, alcoholism, obesity (defined as body mass index ≥ 30 kg/m 2 ), and use of glucocorticoids > 3 months all documented from the medical records. The investigation was carried out in accordance with the Good Clinical Practice and the Declaration of Helsinki. The study protocol was approved by the Local Ethical Committee of Research Institute for Complex Issues of Cardiovascular Diseases (ethical approval code 44025, approved on 12 December 2014). All patients provided written informed consent after receiving a full explanation of the study. SAP, chronic heart failure, arterial hypertension, and type 2 diabetes mellitus were diagnosed according to the respective European Society of Cardiology guidelines [12] [13] [14] [15] while overweight/obesity was defined as recommended in National Institute for Health and Care Excellence guidelines [16] . Glomerular filtration rate was calculated according to Modification of Diet in Renal Disease formula. Past medical history of MI, stroke, and smoking status were defined using the medical records.
Echocardiography (Sonos 2500, Hewlett Packard), color duplex screening of brachiocephalic arteries (Vivid 7 Dimension, General Electric Healthcare), coronary angiography (Innova 3100, General Electric Healthcare), multislice spiral computed tomography (SOMATOM Sensation 64 and Leonardo multimodality workstation, Siemens Healthcare), and dual-energy X-ray absorptiometry (Norland XR-46, Orthometrix) were performed in all patients before the CABG surgery. The results of coronary angiography and multislice spiral computed tomography were evaluated using SYNTAX score to measure the severity of CA and Agatston score to quantitate CAC, respectively. The results of dual-energy X-ray absorptiometry were interpreted according to the International Society for Clinical Densitometry Official Positions [17] . Bone mineral density of ≤ 1 standard deviation below the mean peak bone mass (average of healthy young adult male) at the lumbar spine (L I -L IV ) and femoral neck was considered as normal. Osteopoenia and osteoporosis were defined as a bone mineral density of 1-2.49 and ≥ 2.5 standard deviations below the mean peak bone mass, respectively. Clinicopathological features of the patients are indicated in Table 1 .
During the hospital stay, all patients received the standard therapy of antiplatelet drugs, beta-blockers, angiotensin-converting enzyme inhibitors or angiotensin receptor II blockers, and lipid-lowering drugs which were also prescribed to them before hospital discharge. Follow-up was performed by an outpatient visit in 91 (82%) patients; other individuals were unavailable due to the change of phone number or place of residence. Study endpoints included progression of AP, MI, or cardiovascular death.
Measurement of serum calcium, phosphate, and alkaline phosphatase was performed before the CABG surgery using the respective kits (Biosys Health) and KONELAB 320i biochemical analyzer (Thermo Scientific) ( Table 2 ). Serum bone alkaline phosphatase, calcitonin, PTH, osteocalcin, osteoprotegerin, and osteopontin was quantified by an enzyme-linked immunosorbent assay using the respective kits of Metra Biosystems (8012), Biomerica (7024 and 7022), IDS (AC-11F1), Invitrogen (BMS2021INST), and Enzo Life Sciences (ADI-900-142) ( Table 2 ). Statistical analysis was carried out utilising SPSS 22 (IBM). A sampling distribution was assessed by Shapiro-Wilk test. Descriptive data were represented by proportions, median and interquartile range (25th and 75th percentiles). Intergroup differences were evaluated by Mann-Whitney U-test. To assess the correlation, Spearman's rank correlation coefficient, as well as enter and stepwise logistic regression, were employed. Threshold values for logistic regression equations were selected according to the highest quartile in patients having favorable outcome. p values ≤ 0.05 were regarded as statistically significant.
Results
We consecutively recruited 111 male patients who underwent CABG surgery due to Canadian Cardiovascular Society (CCS) grade I-III SAP; follow-up was carried out by an outpatient visit and was successful in 91/111 (82%) patients. After 3 years of follow-up, 70 out of 91 (76.9%) patients did not have any symptoms of CAD, while 16 (17.6%) suffered from recurrent CCS class I-II SAP. Cardiovascular death was registered in 4 (4.4%) patients due to myocardial infarction (MI) (3/4) or stroke (1/4) while 1 (1.1%) patient experienced non-fatal MI. There were no differences in the extent of brachiocephalic artery stenosis, CA, or CAC as well as in prevalence of osteopoenia/osteoporosis before the CABG surgery in patients with favorable and adverse cardiovascular outcome (Table 3 ). Post-discharge treatment was also similar and included antiplatelet drugs, beta-blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor II blockers, and lipid-lowering drugs. Regarding the parameters of mineral homeostasis, adverse cardiovascular outcome was not associated with preoperative serum calcium, phosphate, calcitonin, or parathyroid hormone (PTH) ( Table 4 ). Yet, patients with an adverse outcome had 2.2-, 1.5-, and 1.2-fold higher serum alkaline phosphatase, osteopontin, and osteocalcin along with 1.6-fold lower osteoprotegerin as compared to those with a favorable outcome (Table 4 ). To examine the differences in the parameters of mineral homeostasis in patient subgroups, we further stratified the study participants in relation to body mass index and type 2 diabetes mellitus. Similar to the patients with adverse outcome, those with overweight had 1.35-fold higher serum osteocalcin as compared to the subjects with normal body mass index (Table 5) , while no statistically significant differences have been found in patients with or without type 2 diabetes mellitus ( Table 6 ). (Table 7) . Likewise, serum calcitonin > 8.8 pg/mL was associated with a 20-fold higher probability of a favorable outcome (Table 7 ). After stepwise logistic regression analysis, serum osteocalcin > 26.8 ng/mL and PTH > 49.1 pg/mL were the only predictors that remained significant, with area under the ROC (Receiver operating characteristic) curve of 0.73 (95% confidence interval 0.59-0.87) ( Tables 8 and 9 ).
Positive correlations were found between serum ionised calcium and multivessel CAD (r = 0.58, p = 0.01) and between serum phosphate and extent of CAC by means of Agatston score (r = 0.28, p = 0.02). In keeping with these findings, patients with severe CA (SYNTAX score > 21) had higher serum ionised calcium (0.86 (0.38-0.92 mmol/L) versus 0.39 (0.36-0.87) mmol/L, respectively, p = 0.018) and alkaline phosphatase (138.0 (60.0-209.0) versus 70.0 (50.0-186.0) mmol/L, respectively, p = 0.024) than those with lower SYNTAX score. Likewise, patients with severe CAC (Agatston score > 400) were characterised by a higher serum alkaline phosphatase (0.97 (0.84-1.08) versus 0.88 (0.80-1.03) mmol/L, respectively, p = 0.01) as compared with the individuals with mild calcification.
Therefore, preoperative serum concentrations of osteocalcin and PTH were reliably associated with an adverse cardiovascular outcome after 3 years of follow-up. Further, higher serum alkaline phosphatase positively correlated with severity of CA and CAC at the time of hospital admission. Serum ionised calcium and phosphate were also directly associated with severe CA and CAC, respectively, at the same time point. 
Discussion
In the present study, we show that the parameters of mineral homeostasis, in particular osteocalcin, PTH, and alkaline phosphatase, can be useful in prognostication after CABG surgery. Previously, serum PTH > 65 pg/mL was found associated with cardiovascular events in patients with chronic kidney disease (CKD) stages 3 and 4 [18] and with progression of CKD as well as mortality in those with CKD stages 2-4 [19] . Moreover, serum PTH > 6.8 pmol/L was an independent risk factor of CAD in a population-based cross-sectional Tromso study [20] .
PTH evinces its effects through PTH 1 receptor which is expressed in cardiomyocytes, vascular smooth muscle cells, and endothelial cells and which level is increased during myocardial ischemia, cardiac fibrosis, and aging [21] . Elevation of serum PTH causes left ventricular hypertrophy [22] , myocyte/capillary mismatch [23] , and cardiac fibrosis [24] . Excessive PTH disrupts energetic metabolism in cardiomyocytes, leading to a calcium overload [25] and induces carbohydrate metabolism disorders [26] and vascular inflammation [27] , correlating with a multivessel CAD, low left ventricular ejection fraction [28] , and CAC in patients without CKD [29] .
Osteocalcin is a pleiotropic protein regulating glucose and lipid metabolism, nitric oxide release, and endothelial homeostasis depending on its carboxylation status [30] . Opposite to PTH, an association of serum osteocalcin with cardiovascular death is unclear, being U-shaped as well as gender-and age-dependent [31] [32] [33] . Data regarding the prognostic significance of alkaline phosphatase are also contradictory, varying between revascularisation modalities [34] [35] [36] . Albeit serum alkaline phosphatase may be also increased in patients with stroke, chronic heart failure, arterial hypertension, type 2 diabetes mellitus, and obesity, a number of studies showed its usefulness as a prognostic indicator during the long-term follow-up of patients with coronary artery disease [35, 36] including those with ST-segment elevation MI [37] . In addition, SAP of CCS grade IV, New York Heart Association class IV chronic heart failure, and obesity were among the criteria of exclusion in our study.
Notably, we found bone turnover markers such as PTH, osteocalcin, and alkaline phosphatase associated with an adverse cardiovascular outcome after CABG surgery at a 3-year time point regardless of osteopoenia/osteoporosis, coronary or peripheral atherosclerosis, and CAC. Despite the fact that all indicated proteins are to a certain extent involved in bone resorption, atherosclerosis, and extraskeletal calcification, their predictive value possibly does not depend on respective clinical conditions, rather it is reflective of their combination at a subclinical level. Possible reasons for the discrepancies between the studies include sample size, duration of follow-up, and treatment regimens. We suggest that the preoperative screening of bone turnover markers can be useful in prognostication after CABG surgery due to SAP; however, additional studies on larger samples are necessary for the validation of this approach. 
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